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A closure with improved cable strain relief (18), having a body with a closed end
and an open ¢nd, a tubular base (14) having first and second ends with the open end of
the body releasably secured to the first end of the basc, and a strain relief member (18)
attached to the second en of the base. The strain relief member is composed entirely of
non-metallic components, and includes a plate having cutouts therein forming cable ports,
each of the cutouts having a wall and an inner surface along the wall, there being a plurality
of gripping teeth (36) along each inner surface, and each wall having at lcast one channel
thercin with entry and exit slots. A cable tie securing a cable in onc of the cutouts is threaded
through the channel, extending out the entry and exit siots. The plate advantageously has
a plurality of outer surfaces shaped to fit snugly with an inner surface of the second end of
the base, and flanges (40) located at each outer surface for attachement to an edge of the
second end of the base. A mounting fixture (104) may be attached to the plate, adapted to
reccive an optical fiber storage tray or other support member such 2s a terminal block. The
plate, wall, mounting fixture and flanges may be integrally formed of an injection-moldable,
thermoplastic polymer.




used in tel econmunications, to |l engthen the cable system branch off

addi ti onal cables, or repair damaged cables. It is conmon to use
eretosures to protect the joinrs, 15 whether aerial, direct buried,
abgve-ground or bel ow ground (plant or hand hole). The encl osures are
general ly gne wo types, in-line or butt-splice. |n thepdidoshiahs Ci Ng of
fiber opti , several enclosure designs enploy a done shape, i.e., a
cl osure body that is generally elongate, and has a closed end and an
open end. Several such designs are depicted in U S. Patent Nos.
4,927,227, 5,222,183, 5,249,253 and 5,278,933, and 20 in PCT Application
No. (GB93/00157. These cl osures use various cl anps,
bolts, ties, etc., to secure the cable near the open end of the

closure. See U.S. Patent Nos. 5, 097 529 5, 280, 556 and 5, 288, 946,
and PCT Application Nos. /O 1D ©AR R RRD.BEE

These el enents provide strain rellef agalnst cable stresses caused by
external cable 25 novenent relative to the closure. A cable that is

pul | ed or p““ﬁ%@hﬁ#ﬁ%\%ﬂﬁ&iﬂﬁﬂ’ or bent nust not transmt that
notion to the cabl'e sheath opening inside of the closure. The prior
~art designs %re |ess sui lﬂﬂ&ﬂhﬂ]ﬂﬂﬂﬁﬂlc cabl es, however, since they

i ncl ude metallic onent s _have h ca

exposed fibers and thei r‘i.RéTB resent nysp f%g%‘““f{bg?gaggzgFﬁﬁgéi%ﬁué%{ﬂf'wmﬁés many
parts, increasiphgidalgrotefibn id &&eﬁsmwla such #thost \ied M RleboMMuAhitations &
speci aI tools tor installatjon e use of so many I nt erconnecti ng

parts additi onand poreparicularly tp a8 aboye-ground ¢losuee for optical fibers, splices and
connectors therefor, having an improved strain relief member for securing the cables to

10 the closure. g

2 gggcﬁg;jgﬁ of the Prior Art

It is frequently necessary to join the ends of two cables, such as are
used in telecommunications, to lengthen the cable sysiem, branch off additionat cables,
or repair damaged cables. It is common to use enclosures to protect the joints,

15 whether aerial, direct buried, above-ground or below ground (plant or hand hole). The
enclosures are generally one of two types, in-line or buti-splice. In the butt splicing of
fiber optic cables, several enclosure designs employ a dome shape, i.e., a closure body
that is generally elongate, and has a closed end and an open end. Several such designs
are depicted in U.S. Patent Nos. 4,927,227, 5,222,183, 5,249,253 and 5,278,933, and

20 in PCT Application No. GB93/00157. |

These closures use various clamps, bolts, ties, etc., to secure the cable
near the open end of the closure. See U.S. Patent Nos. 5,097,529, 5,280,556 and
5,288,946, and PCT Application Nos. UUS93/05742, GB93/01120 and GB93/01942.
These elements provide strain relief against cable stresses caused by external cable

25 movement relative té the closure. A cable that is pulled or pushed axially, twisted, or
bent must not transmit that motion to the cable sheath opening inside of the closure.
The prior art designs are less suited for fiber optic cables, however, since they include
metallic components have sharp edges which can damage exposed fibers and their
coatings. These designs also require many parts, increasing the cost of the closure,

30 and sometimes require special tools for installation. The use of so many

interconnecting parts additionally increases installation time.
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Sere—prior art cable terminati onsTuse shield bord connectdrs 10 o
additionally secure the cable jacket, and to provide electrical continuity

acr oss roundi ng sheaths, using netall.ic braids. The ors
typically H&?g‘%’% nner cl anpi ng nmenber whkh fits insi @Wabl e
j acket, and an outer clanpi ng nmenber whi ch grips the outer surface of the

cabl e jacket, and a bolt or other neans fq;_ forcing the two nenbers
together to clanp the jacket therebetween. See, e.g., U S. Patent

Nos. 3,787,797, 4,895, 52808 fich P RASmibn B shkfl ol Mhectd4 04198 and
g equat €

German Patent No. 4,231, 181. These designs are Ina orejoin the
integrity of  additionafiy securst the pablsgjackef, and boprovide ielectrigpitdootimityt acropper cabl es

Found i n 1 ber SharAnk ARt RORIE ol bR il Gpielf st AL o dooa,

found in fiber~optic-ca : C S

it woul d be vechmpingimembeowhizh @isdnsidethe eibde jatke} andlah Qo€ claMping membRAS| er
conversion from g:gpgg\.%r shield hond_ to fiber shield bond.

d
In several - & 15 T qurdacg qE thercable jackes; and ashalt fpgher mepas fos farting:s
| trays, a reli er or
closure body, EaveRaersdaticith cAmbIRTRRYe herdiindich” sBe £, (P FER"
mai ntain the fNO8r378,797, 4,889.6251and 5,097,529 RA TrApfilication|No. 1159404 9%amint | oned

'227. ' 183. an@ieln%ggl’ﬂ@&tm 3,23 ii,rfg! .i 'FhelsJé ?ésigl?x%ta(raeni%adequate to rejoin the integrity of
' the cable jacket for both fiber optic and copper cables since, for example, they cannot

10 adequately handle the strength members found in fiber optic cables, such as wires or
aramid fibers. Indeed, it would be very useful to have a connector that allowed for
easier conversion from copper shield bond to fiber shield bond.

In several of the foregoing designs, fiber optic storage trays, such as
splice trays, are supported by or attached to the strain relief member or closure body.

15 The storage trays usually include guide walls to maintain the fibers with a minimum
bend radius. In the aforementioned *227, *183, and *253 patents, and in U.S. Patent
Nos. 5,323,480 and 5,363,466, several splice trays, stacked during storage, are hinged
to a common base, in a stair-step fashion. U.S. Patent No. 5,071,220 and PCT
Application No. US94/04232 show in-line closures having trays hinged to a common

20 base in this manner. In U.S. Patent No. 5,323,478, the trays are stacked by means of

hinging strips. These hinging arrangements still allow the fibers traveling between
adjacent splice trays to become kinked when the tray is lifted, inducing microbend
losses in the fiber. They also do not make the best use of space due to the stair-step
geometry. -

25 Fibers that are routed between trays are often protected in spiral wrap
tubing or cylindrical tubing to keep the fibers from being' physically damaged and to
resist bending of the fiber to less than its minimum bend radius. Cylindrical tubing and
spiral wrap both take a fair amount of time to install since, for cylindrical tubing, the
fibers must be threaded through the tubing and, for spiral wrap, the wrap must be hand

30 coiled about the fibers, which can be very difficult if a long length of fiber is present.



Nos. 5,323,480 and 5, 363, 466, several splice trays, stacked during storage,
are hi nged to a common base, in a stair-step fashion. U S. Patent__No.
Appl i catToOm NG US047 04232 show i n-1ine cl osures
haV|ng trays hinged to a common 20 base in this manner. In U S. Patent No.
5,323,478, _the tr%ys are stacked by neans of hi ngi Nngp&hakfoze2BnESE

hi ngi ng ar ts still allow the fibers traveling between

adj acent splice trays to becone ki nked when the tray is lifted, inducing

m cr obend - losses in the fiber. They also do not nake the best use of
space due to the stair-step geomet r§~. 25 Fi bers that

are routed bejyeen, trays ,are, often pr ed in, spiral a tubi ng or
cylindrical t "?‘d"‘%@éb"t‘ﬁ@ ?W@ﬂ“"*‘r‘cﬁ*ﬂebﬁ R ‘BW}’B’FQ:a?’F‘S))' %Med and to
resi st bendi ngregifout 'i\ibei Rirder &Pn&tﬁfﬂ?t& h@% rifbon Ther FUmUng

t
Cylindrical tubing and - ospira both take a fal armug:t of tinme to
install since, for cyl |$ﬂprabaﬁhsamilcngrays shown in the aforementinned patents wsecaded

t hrough the t i F t a coi |l ed
about Cthe 11 baice e whicrert  iralty 3F poiicdfleMetR, SiBIB SOPRerNG D 1 o7
present . 5 4 793 681, AB4BDIA9 and 4,854,661. The retention features can be molded directly

PCT/ US96/ 0242
g\to the tray surface, as disclosed in U.S. Patent No. 5,074,635. Splice inserts can be

removably attached to the trays, having retention features in the form of flexible
cantilever latches for a snap fit; see U.S. Patent Nos. 4,489,830, 4,679,896 and
5,375,185. These latches do not always firmly grip the splice elements, if many

10 elements are present in adjacent grooves, due to the displacement and tolerance build-
up of the material forming the retention feature. Repeated or extended use of the
splice iriserts can also lead to weakening of the retention members. In light of all of
these problems, and particularly those associated with closures for fiber optic cables, it
would be desirable and advantageous to devise a fiber optic closure having appropriate

15 components to overcome the foregoing limitations.

Summary of the Invention _
The present invention provides a closure having improved cable strain
relief, generally comprising an elongate body having a closed end and an open end, a
20 tubular base having first and second ends, means for releasably securing the open end
of the body to the first end of the base, and a strain relief member attached to the
second end of the base: The strain relief member is composed entirely of non-metallic
components, and includes a plate having cutouts therein forming cable ports, each of
the cutouts having a wall and an inner surface along the wall, there being a plurality of
25 gripping teeth along each inner surface, and each wall having at least one channel
therein with entry and exit slots. A cable tie securing a cable in one of the cutouts is
threaded through the channel, extending out the entry and exit siots. The plate
advantageously has a plurality of outer surfaces shaped to fit snugly with an inner
surface of the second end of the base, and flanges located at each outer surface for
30 attachment to an edge of the second end of the base. A mounting fixture may be

attached to the plate, adapted to receive an optical fiber storage tray. The plate, wall,



- 3- Wth spiral wap, it is also easy to pinch a fiber as it is
wrdpped. Prior art fiber br eakout tubes further do nothing to keep

ri bbon fiber -from undulFy—tw sti ng— Several of the splice
trays shown in the aforenentioned patents use splice cradl es which
retain a plvﬁ(r’%*of splice elenents. See also U. S. Paten

4,793, 681, 49 and 4,854,661. The retention features can be nDIded
directly into the tray surface, as disclosed in U S. Patent No.
5,074,635. Splice inserts can be removably attached to the trays,
having retention features in the form of "FI exi bl e cantil ever | atches
for a snap fit; see ent Nos 30, ,4,679, 896 and

5, 375, 185. Thg?%!“'r‘“&t'jﬁjﬁ‘éfg ‘B‘ghﬂ‘éﬁs W\B'y‘gf"-ﬁ ormed pf anipjectiogrmeldable, enent s, i f
many 10 el engieghfiopldstic polpment i n adj acent grooves, due to the displacenent
and tol erance buil d- up of the material formng the retention feature.
Repeat ed or extended use of the splice inserts can also lead to
weakeni ng of #§ . In light of all of t hese probl ens,
and particul a [ *0 Wi th closures for fiber optic cables, it
woul d be désirable and ’&Mmag:emlbb&nbdmdels&oabi rdferenceb the ﬁkaﬁpﬂhﬁnﬁaw ng
appropriate | corrpo ents to overcone the foregoing limtations.

Summary of t h&® The present invention provides
a cl osure havi ng [ rrpr ovg eah I sing an
el ongate body havin Fusedigggs%%h%aﬁe%ogﬁﬁdendmdgﬁggwmé b{; rm%ase
having first ¢Rsuree @Hrﬂfﬂémw"ehmyflﬁiéwoF&lmmngtlcslnsuneng t he open end

Figure 2 is a exploded view of the closure of Figure 1;

10 Figure 3 is a perspective view of one embodiment of the strain relief
member used with the closure of Figures | and 2;

Figure 4 is an exploded perspective view of a shield bond strain
connector of the present invention;-
Figure 5 is a perspective view of the shield bond strain connector of
15 Figure 4 installed on a cable;
Figure 6 is a perspective view of the closure of Figures 1 and 2
illustrating the transition tray;
Figure 7 is a perspective view of the end of a piece of the split fiber
routing tube used in the present invention;
20 Figure 8 is a perspective view of the closure of Figures 1 and 2 showing
two splice trays attached to the transition tray of Figure 6, '
Figure 9 is a perspective view similar to figure 8 t'aut illustr-ating one
splice tray held in an intermediaté access position;
Figures 10A-10C are perspective views of alternative splice inserts used
25 in accordance with the present invention.

Description of the Preferred Embodiment _
With reference now to the figures, and in particular with reference to
Figures 1 and 2, there is depicted' one embodiment 10 of the closure of the present
30 invention. While this closure is particularly suited for use with fiber optic cables, many

of the features described and claimed herein may be used with little or no modification



of the body to the first end of the base, and a strain relief nenber
att'ached to the second end of the base. The strain relief nmenber is
conposed entirery of non-netal | T conponent s, and 1ncludes a plate _
hawi ng cutouts therein form ng cable ports, each of t he cutouts having
a wall and an inner surface along the wall, there being a plurality of 25
gripping teeth al ong each inner surface, and each wall having at |east one
channel WOiBe:2n with entry and exit slots. A cable ti PCREINNIS a

cable in one of the cutouts is threaded through the channel, extending
out the entry and exit slots. The plate _ advantageously has a plurality
of outer surfaces shaped to fit snugly with an inner surface of the

second end of jhlaghep aplicaddii, ukRBg Gl Tthe SRR beifoditikcfufie’ O 30
attachnent to "an edggﬁfg? t h_'e secoﬁo@?pgﬁg‘a%f t heebase.s A mounti ng Fxture may
be at t acrgsaemabusetie fiprdn-she-lnop ppplitations; cbiding prdestqls, icakinets,ilaad helegr age
}DE.Ia_}' Usggfogaggﬁrmw&nt, or on poles. Vsﬂxe%é éﬁ’;ﬂi@%ons could include closures for fibeg drops at

nmounting fi xt wideconodie$ inciybRd fibericole nétWorics, distribution BRsuUres ofiber drop closures
I nj ection- rrts)l dt%P hgér-td-the-curb or fiber-to-the-home networks.
Closure 10 is generally comprised of an outer housing and an inner

framework, the housing including an elongate, dome body 12 having a first, closed end
and a second, open end, a tubular base 14 attached to the open end of dome body 12, a
latch wire 16 for i'eleasably securing body 12 to base 14, and a base plate or strain

10 relief member 18 which is obscured in Figure | by a pre-stretched tube (PST) 20. This
housing construction is similar to 3M’s Reenterable Dome Closure used for splices of
copper wire, except for strain relief member 18. In the drawings, two cables 22 and 24
are shown entering closure 10, but the number of cables can vary. In the disclosed
embodiment, strain relief member 18 has six cable ports designed to receive cables of

1s varying diameters, and more than one cable may be placed in a single port if they are
small diameter.

Dome body 12, base 14 and strain relief member 18 may be formed of
any durable material, preferably a thermoplastic (injection-moldable) polymer such as
polypropylene. The illustrated construction is an above-ground closure for butt

20 splicing. PST 20 is preferably formed of an elastomer, such as EPDM, and is pre-
loaded on 2 collapsible core, with either or both of its ends everted outwardly, i.c.,
wrapped backward on itself. After the cables are secured to strain relief member 18,
and base 14 is positioned properly against member 18, PST 20 is placed about these
two components and its core released, causing it to collapse about base 14 and strain

25 relief member 18, and forming a tight, water-resistant seal along their interface. Ribs
are provided along the outer surface of base 14 to engage PST 20. A gel end seal such
as that shown in U.S. Patent No. 5,258,578 may also be used. Access to the interior

of closure 10 is thereafter provided by removing dome body 12 from base 14 using
latch 16. Latch 16, which is preferably stainless steel, is pivotally attached to base 14
30 at two pins 26 formed with the base. Hairpin-shaped portions of latch 16 catch on
. corresponding pins 28 formed on body 12. The location of the hairpin-shaped portions



t her nopl astic pol yner. Breif Description of the Drawi ngs 5

The invention will best be understood by reference to the acconpanyi ng
drawi ngs, wher-ein: Figure T Ts a perspective view of
one enbodi nent of the fiber done cl osure of the present invention, with
two cabl es teri t he cl osure; Fi gur | ploded
vi ew of the iﬂﬂﬂ; of Figure 1; 10 _ Figurgméntémgzsé
perspective view of one enbodi ment of the strain relief menber used
with the closure of Figures 1 and 2; _ Figure 4 is an
expl oded perspective view of a shield bond strain connector of the
present invention; Figbre 5 is a perspective view of

t he shield bond strain, connector of Figure 4 installed on a cable;

Figure 6 i s a ¥dthe,positions of ping26and %‘“@l ’6@8?‘6 tg,Fause hodiel2 tp befarcibly urged
ilTustrating tginki5uie1h hﬁkf‘f&ﬁ\%xght seal therewnhh the seal be}ng'ﬂlﬁﬁhrr%ngrokléd By an

perspective view of the end a pilece of rout? ng t ube
used in the pr@vingt30iwhichis plmed agar the top of base ldm an amulareeodyeid2 farmed on

E regflgegt It \altgh\é %?,88{%ghr?§'°§k|§°?€qfeﬁ F’Q?ggﬁr’e"i U?%g%‘s SN the wigu 0 SP! T ce

Figure 9 issa goovdBT(o pidvide BNinsprovédideal O flgure 8 but illustrating one
splice tray held in an internmediate access position;

Figures 10A- 1 OC are peWish&uthey ssforencastodfiguie Setheatrainaclic member Hsofthe used
present invention uses a novel design which provides strain relief for the cable(s)

entering closure 10, and allows quick and simple installation. Strain relief member 18
includes a plate 34 having several cutouts, roughly U-shaped, forming cable ports 36,
10 and allowing the cables to be placed in strain relief member 18 sideways, that is,
without having to thread the cable through an opening. The plate has several outer
surfaces 38, betwé_en adjacent ports 36, which coincide with the shape of the inner
-~ surface of base 14 such that strain relief member 18 may be placed partially inside base
14 and have a tight fit between the inner surface thereof and surfaces 38. A series of
15 flanges or fingers 40 formed along surfaces 38 snap around the bottom edge of base 14
for a solid connection. Plate 34 also has a mounting fixture 42 for receiving the tray,
- back plate, terminal block, etc., which supports and stores the individual fibers (or
* wires) and associated interconnection devices. In the illustrated embodiment,
mounting fixture 42 extends generally perpendicular to plate 34 and has a slot therein
20 for receiving a tang or tab on the tray. The slot may be bent, or additional slots
provided, for a more robust attachment. '

A portibn of the inner surface of the ports is provided with several rows
of bumps or teeth 44 which bite into the cable jacket or fitting material to more
securely grasp the cable. Near these teeth, along the inner surface of ports 36, there

25 are two entry slots or openings 46 which receive cable ties 48 (see Figures 2 and 6) for
further securing the cable, and two exit slots 50 for the ties. Respective pairs of slots
46 and 50 are joined by self-guiding channels formed inside the wails of ports 36.
More slots can be provided for additional cable ties, or only one, but two is deemed
optimal. This construction allows for the quick installation of most cables onto strain

30 relief member 18 in three simple steps. First, cables ties 48 are threaded into openings
46 and pushed until a sufficient length extends from exits 50. Secondly, the cable is



25 in accordance with the present invention. Description of the

Pref erred Enbodi nent Wth reference now to the figures,
amd— ™ partitutar with referente TO Frgures I and 2,” there is depicted

one: enbodi nent 10 of the closure of the present 30 invention. Wile this

closure is rg arly suited for use with fiber optic ca ng*
of the feat‘gﬁ1 escribed and cl ai med herein nmay be used wbﬁﬁl Ittle or no

nodi fi cation : - WD 96/ 30792

PCT/ US96/ 02428 in other applications, such as copper or coax. The
di scl osed enbodi nents have general usg in fiber-in-the-1oop
applications, including pedestals, cabinét’s, hand hol es, strand nount,

or on pol es. FhgskadiiRbsal), R aRYrbf\GHbfing HeUH B be/cRimpbh Rk 101 OPS at

suitable fitting material, such as vinyl tape. Finally, with the cable in place in a port 36,
ties 48 are cinched tightly using pliers or a cable tie gun. After all cables are so
secured, strain relief member 18 is locked into base 14 with fingers 40 snapped firmly
S against the bottom edge of base 14. An end seal, such as those made of foam, may be
used to provide resistance to water ingress.
The cable jackets may be further secured within closure 10, for
example, attached directly to the support member which is mounted on fixture 42,
using conventional clamping devices, including those which provide electrical
10 continuity across grounding sheaths. If the cable is additionally provided with strength
members (such as thick metallic wires or high-strength aramid fibers), then the
modified shield bond strain connector §2 shown in Figures 4 and 5 may be used to
secure these members. Connector 52 utilizes two conventional clamping elements 54
-and 56 which secure the cable jacket 58. Inner clamping element 56 has a pin or bolt
15 60 which passes through a hole 62 in outer clamping element 54. Both elements 54
and 56 have a plurality of tangs or teeth 64 formed thereon for gripping jacket §8. A
series of tabs or prongs, including a central prong 66, formed at the upper end of
element 56 fit against complementary prongs 68.
The modification of connector 52 fies in the provision of two additional
20 elements 70 and 72 which serve to extend the shield bond and provide strain relief for
the cable strength members 74. Shield bond extension 70 has three holes 76, 78 and
80 therein. Hole 76 is formed in a narrowed end portion 82 of extension element 70
and receives bolt 60 when connector 52 is assembled (narrowed end portion 82 is
interposed between inner and outer clamping elements 54 and 56). Hole 78 receives
25 prong 66 of clamping element 56 which, with hole 76, serves to securely affix
extension element 70 to clamping elements S4 and 56. Hole 80 is adapted to receive
another bolt 84 formed on extension clamping plate 72, whereby the strength members
74 may be secured between plate 72 and extension element 70. Bolt 84, which extends
the same direction as bolt 60 when extension element 70 is affixed to clamping
30 elements 54 and 56, may be directly secured to the support member (or mounting

fixture) inside closure 10. A flange 86 formed on the end of clamping plate 72 serves



vi deo nodes in hybrid fiber/coax networks, distribution closures or fiber
drop closures 5 for fiber-to-the-curb or fiber-to-the-honme networks.
Closure 10 is general | y"conprised of an outer Tousing and an inner
framewor k, the housing including an el ongate, done body 12 having a first,
cl osed end and a second, open end, a tubular base 14 attached to the
open end of done body 12, a. latch wire 16 for releasably securing body
12 to base WD9BAW2a base plate or strain relief nmenber 18 RGWEN6P2428
obscured in Figure | by a pre-stretched tube (PST) 20. This - housi ng
construction is simlar to 3Ms Reenterab$e Done Cl osure used for splices
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(i nj ecti on-g1olbeiback overithePlite S €lie ritsiches, for dddlioral st relief, andhadditibdalist r at ed
construction i s an above-ground closure for butt 20, spl.ci n% PST 20 is

preferably foflaagesmayhe pervidedofos example at thenarropyed partignokelgment 70,10 | 554ed on
|1 i bl | It h ' dly,
a collapsibl € cbdfafer bl witeh."Efanfping Yk 78/hind xfenSiBA BleUTofe cfeitiBlycll V.

i.e., wr appe e cables are secured to
strain relief fommddef ahietallic matedalduthoasaa copperalipy, igt, ibrass; preferahly with agigai nst
menber 18, PST 20 is placed about these two conponents and its core
rel eased, cauﬁ"ﬁ'@‘sit to col |l apse about base 14 and strain 25 relief nenber

18, and foggn ng a tight Confdcfdrs29imb sévartl abambges! Pirg, it b Handle asy Kind6f R bs
are provided along the outer surface of base 14 to engage PST 20. A gel end

seal such strength Membrn %18 vires onarapiid Bbprs. N does notallolyzsirength membersfR used.
_ Access 10 the yooi & Qe (for example, due to thermal cycling) because they are held at short

distances from the cable sheath opening. This attribute is particularly significant in
fiber optic applications. Connector 52 can be attached to different types of existing

15 shield bond connectors, for conversion from copper shield bond to ﬁbe;’ shield bond.
Since it terminates the strength member close to the jacket opening, it can be easily
isolated from the fiber management devices in closure 10. Finally, because it is similar
to the prior art copper shield bond connectors, the transition for technicians from
copper to fiber will be easier.

20 Referring again to Figure 2, the inner framework of closure 10 may
take on various forms, but advantageously includes a back plate or transition tray 92
and one or more splice trays 94 each having a cover 96 and one or more splice inserts
98 for receiving splices 100 interconnecting a plurality of optical fibers 102. The term
“splice” often refers to the permanent interconnection of two transmission lines, as

25 opposed to a “connector” which usually connotes a device which may be attached,
detached,l and re-attached, repeatedly if necessary. These terms should not be so
construed in such a limiting sense as used herein, however, since the present invention
is equally usable with both devices that permanently corinect and devices that
temporarily connect..

30 Although only two splice trays 94 are depicted, more could be provided

in larger embodiments of closure 10. Transition tray 92 is best seen in Figure 6, and is



of closure 10 is thereafter provided by renoving donme body 12 from base 14

usi'ng

| at

ch 16. Latch 16. which is preferably stainless steel, is

pivotal ly attached to base 14 30 at two pins 26 formed with the base.
Hai-r pi n- shaped portions of latch 16 catch on correspondi ng pins 28

formed on beglyeshfez The | ocation of the hairpin-shaped port igesusesnzass
96/ 30792
PCT/ US96/ 02428 6

the positions of pins 26 and 28 are .selecjed to cause body 12 to be

forcibly urged
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agai nst base 14 and forma tight seal therewith, thﬁ
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such as express fiber not used (spliced) at this location. Another curved wall 110
guides a fiber breakout tube 112 to one of the splice trays 94. Spools 108 and wall
110 maintain the optical fibers at 8 minimum bend radius. Tabs 114 may be used to
retain the fibers in the tray. If there is sufficient room inside dome body 12, buffer tube
fiber can be coiled on the plate’s outer periphery and secured with cable ties. For
single tubes, the tube is terminated and secured with cable ties at the entrance and
loose fiber is stored inside transition tray 92.. For express ribbon fiber, storage in
“figure- 8” patterns eliminates any twisting of the ribbons. Tray 92 is preferably deep
enough to allow multiple crossovers of ribbons. A foam block may be attached to the
back side of tray 92, such as within the cylinder formed by the molding of the upper
spool 108, to support the trays when the closure is open, i.e., dome body 12 is
removed, and the trays are extending horizontally. Another piece of foam, such as a
foam donut, can be placed around the free ends of the trays or pre-positioned within
the closed end of body 12 to provide resistance against vibrations and external impacts.
Figure 7 illustrates a novel split tube 116 which.may be used to route
the fibers from transition tray 92 to a splice tray 94, or from one splice tray to another.
Like prior art articles, fiber routing tube 116 keeps the fibers from being physically
damaged, and resists bending the fiber to less than its minimum bend radius. Unlike
cylindrical tubing or spiral wrap, tube 116 is particularly suited for ribbon fiber; 12
fiber ribbons stack neatly in the rectangular cross-section interior, and this shape
allows little twisting of the ribbons. Additionally, it can be installed on the fibers much
quicker than cylindrical tubing or spiral wrap, by using an interlocking, releasable seam
comprised of a longitudinal spline 118 extending the full length of the seam, and a
complementary groove 120. Spline 118 is enlarged or mushroomed at its tip, and
groove 120 has a region of diminished width, to provide a dovetail or snap fit, but the
material of tube 11§ is sufficiently elastic (such as an EPDM/polypropylene ble'nd) to
allow the walls forming groove 120 to expand and allow spline 118 to fully enter

groove 120 and seal tube 116 along its seam. Whatever tubing is used, it can

to



present invention uses a novel design which provides strain relief for the
cabl e(s) entering closure 10, and allows quick and sinple installation.
Strain relief nenber 18— includes a plate 34 having several cutouts,
roughly U-shaped, form ng cable ports 36, and allow ng the cables to be
placed in strain relief nmenber 18 sideways, that is, ' bexdag N9 to
thread the %'gﬂf’é"'éhough an opening. The plate has severa},\,?gg{wgr °
surfaces 38, between adjacent ports 36, which coincide with the shape of

t he i nner surface of base 14 such that strain relief nenber 18 may be
pl aced partially inside base 14 and hgge a tight fit between the inner
surface thereof and surfaces 38. A series of flanges or fingers 40 forned

al ong surfaces a&gnﬁgétﬂslj\ ravel eloRahd frhy Pivoepdint 10fallo@2Re fikkers to movefresty SO! i d
connection. Plate 34 also has a nounting fixture 42 for receiving the tray,
dcrnlgag

back plate, temithoutcashingpn agy kinges, S PSirRinimyn siess 83t he | ndi vi dual
pac . ; i ! ;
I bers (or Wi res) Weﬁﬁiﬁﬁ'ﬁ# ﬁ%%& ﬂn‘ﬂ@?ﬁ@ﬁ'fe'tﬂ sﬂ@é{ﬂgeg:ﬁgfreraa*:ﬁy e

illustrated enbodi nent, I Xture ext ends

per pendi cul ar samegdeneral shdpecand sizaof tramsitixin tréyc92; and Réve simitar siroetures,rincladinging

or tab on the tray. The,sl ot e hent,  or di tippnal sl ot

provi ded, f Or gq’%? E"Eﬁﬁs‘gr &in‘? Eﬁfﬁ.‘ﬂl‘fs' tabs 1.2‘?9‘” retaining them, ‘“i chapnels26o ¢

the inner surfagQomdirainity tﬁ@ﬁﬁeﬁ bl'eikgtl‘tqmbéi.e ﬁhxystda af?_@!l@é Preferbi§ deep enoGgh LNPS
g

or teeth 44 which bite i'nto the cable jacket” or fittihg material to nore
secur el y gr aspallavemyltiplecrossewers oftribbons. cChannels 126 may have asnap featyre 1o secure

Presas (seo. Fiigibes S bl o Eahie el Sofis REYAAND Hall S 6 bR i Kieal ° | 0
exit slots 50 bpdeprdisiond 128 foREEIGAS splite iiverts 99 AiptIS0 may begpoovided dr) are

j oi ned by sel f-guiding channel s fornmed inside th?, wal | s of, ports 36, .
More slots ¥antraesitiondiaydedo releasshlyisacursihe adiagsnbsplice tray 84 ings SHor38e POSiiAN, ¢ wo
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First, cabl es fairmed 48 thersides bf splidetiaysifidchelpleepnbystrays neatly stacked. Transition

tray 92 and splice trays 94 are preferably molded from an injection-moldable
thermoplastic polymer such as polycarbonate. When used with the other thermoplastic

15 components described above (body 12, base 14 and strain relief member 18), .
absolutely no metal components are exposed within closure 10, which is desirable for
storage of all dielectric cable, and for metallic sheath cable. €onnector 52 can be
wrapped with, e.g., vinyl tape so that there is no exposed metal.

The use of an injection-moidable material also allows the tray hinge

20 mechanism to be formed integrally with transition tray 92 and splice trays 94.
Specifically, pivot pins 136 and 138 are formed in the upper surface of transition ttay
92, and similar pivot pins 140 and 142 are formed in the upper surfaces of splice trays
94. These pins fit within hubs correspondingly positioned along the lower surfaces of
the splice trays. Since these pins and hubs are formed at a common end of all of the

25 trays, they can be accessed (inclined) without kiriking the fibers routed around that
end. The hubs have an outér wall with an irregular shape or detent, formed to bias the
tray toward a position which is inclined 60° from the storage (flat) position, as shown
in Figure 9. The pivot pins are nested in a socket having an inner surface with the
same irregular shape as the outer wall of the hub. This feature allows hands-free

30 access to fibers in trays below the top one(s), and integrally molded pins allow the
trays to be pivoted without kinking or breaking fibers that enter and exit the trﬁy. To



46 and pushed until a sufficient length extends fromexits 50. Secondly,
the cable is WO 96/ 30792
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prepared, if necessary, for strain reliefby wapping the area to be cl anped
with a suitable fitting material, such as vinyl tape. Finally, wth the
cable in place in a port 36, ties 48 are cinched tightly using pliers
or a cabl e woesapre After all cables are so secured, stRCIVUSIs/ed428f
menber 18 is |locked into base 14 with fi nqgrs 40 snapped firmy against the
bott om edge of base 14. An end seal, such'ds those nade of foam nmay be

used to provi im; HQF The.cabl e
j acket s may bgﬁ?‘{f&t ﬁéﬂ? ur e t?ﬁh gg’m‘g“ ?)‘her trary s, or flag %%arlr?ﬂ gmsé‘ﬁ'hched
directly to thmyszppm butmmﬂl« anepuslrediand i lotking mechanisinireleasts. usi ng

nven nal cl n ces | udi t hos i ch rowde el ectrical
conventional clanping des\gteral emboqlcmc%tsl or}‘(%he nochsp\M].e ﬁase s 98 used with the

present invention are shown in Figures 10A-10C. While i inserts 98 are adapted to
5 receive either fusion or mechanical splices, and for cither discrete or ribbon fibers, they
are equally suited to accommodate similar optical components such as couplers,
splitters and attenuators. The insert 98a depicted in Figure 10A is designed for use
with mass fusion splices, and includes a base or pad 146 having a shape generally
corresponding to depressions 128 formed in splice trays 94 which, in the preferred
10 embodiment, is rectangular or parallelogram. Ears 148 formed at the ends of pad 146
_mate with correspondingly-shaped cutouts formed in tray 94 to help retain insert 98a
in depression 128. Other means could be provided to attach the pads to the trays, such
as pressure-sensitive adhesive. Insert 98a has a plurality of fingers or arms 150a which
are positioned to form a series of parallel nests or grooves for receiving individual
15 splice elements. Arms 150a are st.aggered to provide a multi-point load on the splice
elements, and are preferably constructed of an elastic material such as natural and '
synthetic rubbers, polyurethane, EPDM (or blends thereof with polypropylene),
Neoprene or nitrile. Each of arms 150a has a flange or hook 152 formed thereon, with
the hooks along a given side of a splice element alternatively facing opposite
20 directions; thus, in the depicted embodiment wherein three arms are provided on each
side of the splice element, a given element is gripped by two hooks facing the same
direction at its ends, and by a third hook facing the opposite direction at its center.
Figure 10B illustrates an alternative splice insert 98b adapted for use
with discrete mechanical splices, such as the FIBRLOK splice 154 (FIBRLOK is a
25 trademark of 3M). Arms 150b are similar to arms 1502 although they are thinner than
arms 150a and the hooks are less pronounced. In Figure 10C, splice insert 98¢ has
been adapted for use with discrete fusion splice elements 156, and its arms 150c are
nearly triangular in cross-section, with a lower corner missing to form the hook
feature. Two layers of discrete fusion splices can be stacked in the grooves of insert

30 98¢ to double its capacity, to twelve elements in the depicted embodiment.



10 continuity across grounding sheaths. If the cable is additionally

provided with strength menbers (such as thick nmetallic wires or
hi gh-strengt h aram d-+bers), then the nodi fi ed—shiretd—bond strain
connector 52 shown in Figures 4 and 5 nay be used to secure these

menbers. Connector 52 utilizes two conventional clanping el em E§'54

and S6 whi MO8 t he cable jacket 58. Inner cl anpi ng el (0 as a
pin or bolt 15 60 which passes through a hole 62,in outer clanping el ement
54. Both el enents 54 and 56 have a plurality of tangs or teeth 64
formed thereon for gripping jacket 58. A series of tabs or prongs,
including a central prong 66, fornmed at the upper end of el enent 56
fit agai nst conpl enentary prongs 68. The nodification
of connector 52 lies in the provision of twy additional 20 elenments 70 and
72 which serve to extend the shield bond and provide strain relief for

the cable strength menber sthéfressht ,ﬁ,j.‘q["p‘pagmﬂésqﬂéhqg“ e raftesgml es 76,

78 and 80 therei n Hole 76 is fornmed nar rowe por n 82 of
ext ensi on el eneninserts of added sefief P@e-bfovdtgplb@ﬂmmf \ménvmdnﬁlecnlmn&z:unlé-up

nbl ed d. bet
it or ol anpi ng. ooy sasBkl Gy dtmicdion of bed s REL SRR e gyéral
cl anpi ng el enent sigcofithe insert, and énhianding ahd, eqaslizing she retatiing fobdeyonthé spfice
Feceive o AmotsmthoTHR & AENEHAY PEmHiAL BHSETH 5PN 3raAlse decpis, g cb
receive s eby
the strength nenpRirnessin the'fn t'ﬁﬁSh%?&Hr ﬁ?%\‘@ﬁ%r@bﬁbﬁ' uZ%héi% f&?ggmon

elenent 70. Bolt 84, which ex nds sane direction as
ext ensi on el emenShoreA; sndammmﬁemhly cbmﬂo Shor2\. Eheconstnictid ofiinserfsP8aiv8y be

Closure’ 10, A 11 MR8LobEs WBREAN sRF (Evald s ek aitony wihout damain o

element or the interconnected fibers.

10 Although the invention has been described with reference to specific
embodiments, this description is not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as alternative embodiments of the
invention, will become apparent to persons skilled in the art upon l;eference to the

'descnpnon of the invention. For example, near!y all of the components can be used

15 with in-line closures as well as dome closures It is therefore contemplated that such

madifications can be made without departing from the spirit or scope of the present

invention as defined in the appended claims.
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further stabitize the connect romby—proviormg—a-positive SHIpSHEF HASBEEN— -

fit with the upper edge i ment '70. .[The siRECEACED of

e oo r et oo UL 50522 R

notches therein so that the st erss ¢an-be 5 bent back over the
plate, in the notches, for addtional strain relief, and additi onal
fl anges may be provided, for exanple at the narrowed portion of elenment 70,

to restrain the bent wires. Canping pfate 72 and extension el emrent 70
are preferably, éprmad\ of a netallic material such as a copper all oy,
e.g., brass, ?Lef%rd bly with a tin pl ati ng. 10

Connector 52 has sever all. Ad\anticle §e3ecuringicabletand providivistaxireseliefit tite cable,
r aramd fibers. It does_not al,lom/hstrength

fr:a:rgg?; ht genbeéd"?ﬂ%iﬂﬂ’g;‘ P\S‘i}%g\i@gf?wgﬁm‘é{“‘ﬁﬂ@% therein forgeceing the,eabley e c aus e
they are hel d gid qiGtthaving a willl 3hd B fihef Supficé RBng S48 Kalt NARANWAIIRGRE Bleast NI S
attribute is particularly significant in
5 one channel therein, and said inner surface having first and second slots formed therein,
said slots opening to said channel and adapted to receive a cable tie péssing through
said channel.

2. The afticle of Claim 1 wherein said plate member and said wall of
said cutout are constructed entirely of non-metallic materials.

10 3. The article of Claim 1 further comprising a mounting fixture attached
to said plate member and adapted to receive a support member. .

4. The article of Claim 1 further comprising a plurality of teeth formed
along said inner surface of said cutout, for securely grasping an outer jacket of the '
cable. _

15 5. The article of Claim 1 wherein said plate member further has an outer
surface shaped to fit snugly with an inner surface of a base.

6. The article of Claim 1 wherein said cutout opens to a side of said
plate member.

7. The article of Claim 2 wherein said plate member and wall are

20 integrally formed of an injection-moldable, thermoplastic polymer.
_ 8. The article of Claim 3 wherein said mounting fixture is integrally
formed with said plate member, extending generally perpendicular thereto, and has a
slot for receiving an attachment tab on the tray.
9. The article of Claim 5 further comprising flange means located at
25 said outer surface for attachment to an edge of the base.

10. The article of Claim 8 wherein said plate member, wall and
mounting fixture are integrally formed of an injection-moldable, thermoplastic
polymer.

11.°The article of Claim 10 wherein said plate member has an outer

30 surface shaped to fit snugly with an inner surface of a base, and further comprising

This Sheet Has Been Replaced




fiber optic applications. Connector 52 can be attached to different types

of existing 15 shleld bond connectorq far cnnver5|on f é
bond to fiber shield nce jt tf@@ﬁ
close to the jacket open| ng, U“i“ ‘mn “ﬂﬂ H[E |soI te_d f Aot fi ber
management devices in closur cause it is simlar '

the prior aV@%B¥¥%r shield bond connectors the transitio 43‘?’?’%% CI ans
from copper to fiber will be easier. Ref erri ng
again to Figure 2, the inner franmework of closure 10 may take on
various forms, but advantageously includes a back plate or transition tray
92 and one or nore splice trays 94 edth having a cover 96 and one or
nore splice inserts é?% f or, e| vi,ng splices 100 interconnecting a
plurality of optical fib sA“l’é‘Z‘:e gecugingtwo or morg sablesamd proviskng sefaiar st o t he

per manent | Nt efeliefNtdRRE EddlesOdont |.‘%ransm ssion lines, as 25 opposed to a
"connector" which usually con a device which may be attached,

det ached, and re- attacheﬂWWﬁd@h}lgnﬂopacmdaadyuedﬂeesmdweﬁind;WI d not

be so construed i Ny t se used ,herein, howeyer,
since the present inventhon 'p“ﬁdmﬁ% &&fﬁf‘{} g seid strajp gelieks ¢ hat
per manent | y Scomember incladiggvi ces t hat tenporarily connect. 30

Al though only two splice trays 94 are depjcted, nore could be provided
in larger enmbodi ments of cl ostplae member having:aplurality aficutquts each open togsidei n

Figure 6, and is of said strain rehef member and sized to receive one of the cables, and a
plurality of outer surfaces shaped to fit snugly against an inner surface
of said open end of said base member, said outer surfaces being formed

10 . between adjacent cutouts, and
means, located at each of said outer surfaces, for attaching said

plate member to said edge of said base member. .

13. The article of Claim 12 wherein said attaching means comprises a
plurality of flanges, one at each of said outer surfaces, adapted to provide a snap fit

15 with said edge of said base member. '

14. The article of Claim 12 wherein said base member, said plate
member and said attaching means are constructed entirely of non-metallic materials.

15. The article of Claim 12 wherein each of said cutouts has a wall and
an inner surface along said wall, said wall having at least one channel therein, and said

20 inner surface having first and second slots formed therein, said slots opening to said
channe! and adapted to receive a cable tie passing through said channel.

16. The article of Claim 12 further comprising a mounting fixture
attached to said plate member, extending generally perpendicular thereto, and adapted
to receive an optical fiber storage tray, said mounting fixture having a slot for receiving

25 an attachment tab on the tray.

17. The article of Claim 14 wherein said plate member and said
attaching means are integrally formed of an injection-moldable, thermoplastic polymer.

18. The article of Claim 15 further comprising a plurality of teeth
formed along said ifner surfaces of said cutouts, for securely grasping an outer jacket

30 of the cables.
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etongat e,—having an attachment” Tixture 104 at one end fo %D
connection with nmount i in reliel_neogé
Transi ti onP;e(; has a flo wo cyl i nder s pormsgsnzizs 108
formed thereo or receivi ng mril! fii ber sl ack, such as
express fiber not used (splic i'on Anot her curved wall 110
S guides a fiber breakout tube 112 to one of the splice trays 94. Spools
108 and wal | 110 maintain the optical fibers at a m nimum bend radi us.
Tabs 114 may be used to retain the fibers in the tray. If there is
sufficient roominside done body 12, buffer tube fi ber can be coiled
on the plate's outer periphery and secured with cable ties. For single

tubes, the tube is term nated and secured wjsh cable ties at the entrance
and 10 | oose fi.ber is stored inside transition tray 92.. For express
ri bbon fiber, storage in 19, Théiﬁghrdcﬁimﬂstmmmsombﬁsﬁgmﬁ\eﬁnm)ﬁxtm sting

f th bb f | 1 | tipl _
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Figure 7 illustrates a novel split tube 116 which may be used to route
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the fibers fromtransition tray 92 to a splice tray 94, or fromone splice
tray to another. 20 Like prior art articles, fiber routing tube 116 keeps

the fibers frombeing physitally ' darraged —and resists—hending the
fiber to I ess than its m ni numbend radius. Unlike cYTHISIGHEET HABBEE

or spiral wap, tube 11 gwtedfor ri bbop fibegsp

fi belro ri bbonspstack nea&l“ﬂlﬂﬂ“l“ﬂmmum ul ar cross-secti WMM
thi s shape wo963@P2 ows | ittl% twi&tihg "of the ribbons. AddPCT®SEN2¢28 it can
be installed on the fibers nuch 25 quicker than cylindrical tubing or
spiral wap, by using an interlocking, relwasable seam conprised of a
| ongi tudinal spline 118 extending the fill length of the seam and a

conpl ementary groove 12020.Spklosure Muttspknﬂg?mfgxpdcdlﬁbmuwmmnahg| ts tip,

and groove 120 has a e di.mn rovi de a dovetai l
or snap fit, but the g n‘é‘?‘{yd‘l‘“f'ﬁﬁél%ﬁg‘qwsa"éﬂf'f’ tIy el astic
(such as an EPDM pol ypr opybtmie biehathg fifst 344 kodiéndiie wal I's form ng groove

120 to expand and allow spline 118 to fully enter groove 120 and seal
tube 116 along its seam mepnsferceieasably saepring said open end of spid body to said fiyst
96/ 30792 end of said base:

PCT/ US96/ 02438 :
a strain relief member attached to said second end of said base, said

strain relief member composed entirely of non-metallic components and including a
plate having a plurality of cutouts therein, each sized to receive one of the cables, each
of said cutouts having a wall and an inner surface along said wall, there being a

10 plurality of gripping teeth along each said inner surface, and each said wall having at
least one channel therein with entry and exit slots formed in said inner surface for each
said channel, said plate further having a plurality of outer surfaces shaped to fit snugly
with an inner surface of said second end of said base, and ﬂange means Iocated at each
said outer surface for attachment to an edge of said second end of said base;

s at least one cable tie for securing a cable in one of said cutouts in said
strain relief member, said cable tie being threaded through one of said channels,
extending out entry and exit slots associated with said one channel;

a mounting fixture attached to said strain relief member, for receiving
an optical fiber storage tray; and

20 a pre-stretched tube collapsed about said strain relief member and said
second end of said base. |
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fibers to nove freely

advant ageously travel below the tray pivot point to allow the
wi t hout cat.ching.,on any hinges, and relax to
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and 9, splice trays 94 are preferably the
of transit whoeddedds 92, and have simlar structures,
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94. These pins fit within hubs correspondingly positioned along the | ower

surfaces of the splice trays. Since these pins and hubs are forned at
acomonend of all of the 25 tTrays, tney can be accessed (i ncTined)

wi t-hout ki nking the fibers routed around that end. The hubs have an
outer wall wédhodsd i rregul ar shape or. detent, forned to blﬁéﬂ%&ﬁm 28 tray
toward a position which is inclined 60[2r#B fromthe storagé a

position, as shown in Figure 9. The pivot pins are nested in a socket
havi ng an inner surface with the sanme irregul ar shape as the outer

wal | of the hub. This feature allows hands-free 30 access to fibers in
trays below the top one(s), and integrally nolded pins allowthe
trays to be pivoted w thout kinking or breaking fibers that enter and exit

the tray. To WO 96/ 0792
PCT/ US96/ 02428 nove a splice tray 94 back into alignment with the
ot her trays, or fllp gainst transition tray 92, two buttons 144 are

pushed and t he | ocki ngygrechani smrel eases.




Several enbodi nents of the novel splice inserts 98 used with the
present invention are shown in Figures 10A-10C. Wiile inserts 98 are

adapted—to Teceirve either fusiomorechan car sprices;—anmd—for—erther —-

di screte or ribbon fibers, they ~are equally suited to acconmopdat e

sim | ar opigahemenponents such as couplers, splitter éﬁﬂ uat ors.
The insert 98a depicted in Figure 10A éf g%signed for use%P ﬁ?@%aﬁass :
flasion splices, and includes a base o 6 146 having a shape generally
corresponding to depressions 128 forned in splice trays 94 which, in the
preferred 10 enbodinent, is rectangular or parallelogram Ears 148 forned

at the ends of pad 146 mate with correspondi ngl y-shaped cutouts forned
intray 94 to help retain insert 98a in depression 128. O her neans
could be provided to attach the pads to the trays, such as
pressure-sensitive adhesive. Insert 98a has a plurality of fingers or arns
150a whi ch are positioned to forma series of parallel nests or grooves
for receiving individual 15 splice elenents. Arns 150a are staggered to
provide a nmulti-point |oad on the splice eleﬁbnts, and are preferably

constructed of an elastic material sug
rubbers, pol yurethane, EPDM (or bl end
Neoprene or nitrile. Each of arns 1
t hereon, with t he hooks al ong a
alternatively facing opposite, 20  Cio\Y
enbodi nent Mmmﬂntmeeg 2 ¥
el erent, a given el enent "
direction at its ends,
its center. :

and synt hetic
AL{ h pol ypropyl ene),
ge or hook 152 fornmed
f/fa splice el ement
t he depicted
side of the splice
ﬂ? t he sane
Pposite direction at
an-al ternative
cal splices,
fgph@. Ar ns
arns 150a




been adapted for use with discrete fusion splice elenents 156, and its arns
150c are nearly triangular in cross-section, wwth a | ower corner
mssing to formthe hook featare. —TWO rayers of drscrete fusion
splices can be stacked in the grooves of insert 30 98c to double its
capacity, Jeipiey¥e €l ements in the depicted enbodi ment.

Sl 3070y MO 479 PcTussentls
PCT/ US96/ 02428

The present invention elimnates the requirenent in prior art splice
inserts of added reli ef éalreas for displgged rubber, and avoids the
tol erance buil d-up probl ens ass pci ated wit h elimnation of these
relief areas, in turn red\!ng t he Qg size of -the insert, and
enhanci ng and equal i zi n%t rey@Ln , or§4f he\splice

-12-




el ements. This is achieved by providing staggered arns which are al so

flexi bl e, having a hardness in the range of 30 Shore A to 50 Shore
D preferably in the range of B0-80 Shor € A, and oSt preferapry ——
about 70 Shore A. The construction of inserts 98a-98c al l ow fbr

easy i nser tweossssmd renoval of the splice el enment wthout dﬁg&ﬁgﬁ%ﬂ e
el ement or the interconnected fibers. § /19 though the

i nvention has been described with reference to specific
enbodi nents, this description is not neant to be construed in a limting

sense. Various nodi fi caiAp Qf the disclosed enbodi nent, as wel |l
as alternative enbodi nents_eft MW I nvention, wll becone apparent
to persons skilled in theZgft uﬁq- ®rence to the descri.ption of
t he :invention. For exanyl g AN i\\ t he conponents can be used 15

Hostretidt is therefore contenpl ated
nde Wit hout departing fromthe
rerg@on as defined in the appended

wth in-line closures as
t hat such nodi f i
spirit or scope of the
cl ai ns.
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- 13- CLAI V5. 1. An article for securing a cable and
providing strain relief to the cabprle, conprising a plate nenber mavimg
at -l east one cutout therein for receiving the cable, sai d cut out having
a wall and wosémnexy surface along said wall, said wall havh,g.gmgwy 5
one channel therein, and said inner sur@ageghaving first and sec sl ots
formed therein, said slots opening to said channel and adapted to
receive a cable tie passing through sai d channel . 2.
The article of daim1l wherein said plate nenber and said wall of said

cutout are constructed entirely of non-netallic materials. 10

3. The article of Caiml further conprising a nounting fixture attached

to said plate nmenber and adapted to receive a support nenber.

4. The article of Claiml further conprising a plurality of teeth forned

al ong said inner surface of said cutout, for securely grasping an outer

j acket of the cable. 15 5. The article of Claim1 wherein
said plate nmenber further ; surface shaped to fit snugly
with an inner surface of a 6. The article of Caim

1 wherein said cutout opens i pQﬁﬁe menber .
7. The article of Caim?2 me r d wall are 20
8, thefnoplastic polyner.
W fixture is integrally

integrally forned of an injg&
8. The article of Cdaim3



formed with said plate nenber, extending generally perpendicular thereto,

and has a slot for receiving an attachnent tab on the tray.
9. The aftrcle of Caimb5 further conprising 11 ange means tocatedat—25

saird outer surface for attachnment to an edge of the base..

10. The artwolsgnmd2 C ai m 8 wherein said plate nenber, wall .
mounting fixture are integrally forned ?f/@ I nj ection-mlﬂ%ﬂ%’,"”‘”

t her nopl astic pol ymer . 11. The article of Claim 10
wherein said plate nenber has an outer 30 surface shaped to fit snugly

with an inner surface of a ba3d0 fywkher conprising . WD 96/ 30792
PCT/ US96/ 02428 -14-
12. An article for securing t and providing strain
122 132
92 124
94 —+—1
Q
128
134§ ]
124
126 | 126,
g 16
] 142
112
¢ 1 ~140 144
104
26 14

Fig.8
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relief to the cables, conprising: a base nenber having

an”open end and an edge at said open end; and a strain
relief nenber attached to sai d Dase menber, said Strarm retier 5 -
mermber i ncl udi ng a plate nenber having a

plurality oboesdossy s each open to a side id
strain relief nmenber and sized to recegmfsgne of the cableang%%méaw

plurality of outer surfaces shaped to nugly agai nst an inner surface
of said open end of said base nmenber, ﬁ@dj(“”er surfaces being forned 10

bet ween adj acent cutouts, and nmeans, | ocated at
each of said outer surfaces, Jor &®tatRing said pl at e
menber to said edge of said/bas er. 13. The
article of Caim12 wherei I d 4t i nmeans conprises a plurality
of flanges, one at each offgai d outerys ggga adapted to provide a snap
fit wth said edge of sai menmsgery 2 . 14. The
article of Caim12 wherdf ' er, said plate menber and
said attachi ng neans are|c ructed j-4lely of non-netallic materials.
15. The article of Caim erein eac f said cutouts has a wall and
an i nner surface alﬁag sqijffwal | , said | having at | east one channel
therein, and said 2 nnerff 3ar f ace havi ngjfifi rst and second slots forned
therein, said slots openi o said h ?Qﬁl and adapted to receive a
cabl e tie passing throughgsaipd chann 16. The
article of Caim1l12 furtpdr L unting fixture attached to
sai d plate nmenber, extenfiffn an] efl pendi cul ar thereto, and adapted
to receive an optical fip torage frpy {fsaid nou84 ng fixture haygeg a
sl ot for receiving
1
LI | <
U |
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112 .
- 128
0
"
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140 :
_ Fig.9
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25 an attachment tab on the tray. 17. The article of
Caim 14 wherein said plate nenber and said attachi ng neans are

integrally forned of an injection-noldable, thernoplastic polynmner.
187 The article of Claim 15 further conprising a plurality of teeth ,
formed al ompesmom2i nner surfaces of said cutouts, for secupghigssif@sssl NI an
outer jacket 30 of the cables. ' 9!9 WO 96/ 30792

19. The“article of Claim18 further

PCT/ US96/ 02428
conprising a nounting fixture




atFached TO sard—ptate—enber, extendi ng general |y perpendi c BEBAGEMENt SHEET

“dand adapt e n-optical fiber storage tray, s R HAE--RE
fixtur_e haﬂ"mmms'm ,ﬂﬂ:,ﬂlﬂecei Vi ng an attachnent tab ¢REPLACEM fSHEET
sai d plate menmoer, sa achi ng nmean 3§1nd said 5 nountijng Trxture art
being integrally fornmed of an injection=noldable, thernopla tifbsap%%ne*.

WD 96/ 30792 PCT/ US96/ 02428
- 16- Claims: 20. A closure for butt splicing ¢f
cabl es, conprising: an el ongate body having a cl osed

econd entls: - " An artile for securing o or o ebiSt 2, 28058 SAAVHAY s Fishon

end of sai deghfielkablés, EGrhprising £ base ntember (14)Mdvifg aft 3péh &SWith an edge at th
a strain relief nenber gi-t,tagched to szfiréig'econ% eng of sal 'datlloasgee,a séglg a

strain rel i ofd, andbstrain selieD memben(18) attachalle tarthebaseamember(d ), theosttain relief
I ncl udi "3 %member (18) including a plate member (34) having a plurality of cutouts (36) each
comprising a U-shaped cable port (36) open to a side of the strain relief member (18) and
sized to receive one of the cables (22, 24), and a plurality of outer surfaces (38) shaped to
it snugly against an inner surface of the open end of the base member (14), the outer
surfaces (38) being formed between adjacent cutouts (36) and having means (40) for
10 attaching the plate member (34) to the édge of the base member (14), the article -
characterized in that: . _
each of the cable ports (36) comprises a U-shaped wall with a channel formed therein
and first and second slots (46, 50) opening in opposing faces of said U-shaped wall, said
channel connecting said first and second slots (46, 50) in said opposing faces of said U-
15 shaped wall such that a cable tie (48) inserted into said first slot is self-guided throu
~ said channel to extend from said second slot (50).

2. Thearticle of Claim 1 further characterized in that the attaching means
comprises a plurality of flanges (40), one at each of the outer surfaces (38), adapted to
provide a snap fit with the edge of the base member (14).

20 3. The article of Claim 1 further characterized in that the base member (14), the
plate member (34), and the attaching means (40) are constructed entirely of non-metallic
- materials.

4. The article of Claim 1 further characterized by a mounting fixture (42) attached |
to the plate member (34), extending generally perpendicular thereto, and adapted to
25 . receive an optical fiber storage tray (92), said mounting fixture (42) having a slot for
receiving an attachment tab on the tray (92).

'S, The article of Claim 3 further characterized in that the plate member (34) and
the attaching means (40) are integrally formed of an injection-moldable, thermoplastic
polymer. | )




l.ate havi utouts therein, each sized to|RIEdACHENE SHEET

The cables, e ai d.cutouts having a wall and ap Tt SHEE
al ong .sai d\mi\i“!ﬂ‘“ﬂa!ﬁa‘“‘g a 10 plurality of gripping fepth glsqfrpg}?g?clﬁ
sai d i nner 'SA*f: , mnos each said wal | {paving at | eajst} one chan

aach

therein with entry and exit slots fornmed in said inner surfaee—e+—eeaeh
said channel, said plate further having a plurality of outger surfaces

shaped to fit s§uglphe article of'Clafin @mmeﬁara&éﬁz%qq;jygfplﬁﬁﬁ& &W‘
base, and f|angé neans | ocated at eacr sald outer surface Tor
attachment insaiUsshapedvalls of the cutautsi(36) JonsecurslyRrasping an outer jacket obthe cabl e
tie for secypl ble in one of said cutouts in said strain reljef
menber, sai g&é%g@ﬁe bei ng threaded through one of said channels,
extending out entry and exit slots associated with said one channel;

a nounting fixtare e tidieof Clains.6ifcktisdr characterdzdddly amaotiting fixture (42)aattachreg

an optical fiber storage and e-stretched tube

ray; 20 . a pr
col | apsed atfuthe plate memper(34), extending gepssally pereendicular thereto, @'Q@Gﬁﬁe B of said
base. receive an optical fiber storage tray (92), said mounting fixture (42) having a slot for

receiving an attachment tab on the tray (92), wherein the plate member (34), attaching
means (40), and mounting fixture (42) are all integrally formed of an injection-moldable,
thermoplastic polymer.

10 8. Aclosure (10) for butt splicing of optical fiber cables (22, 24), comprising an
elongate body (12) having a closed end and an open end, a tubular-base (14) having first ,
and second ends, means (16) for releasably securing the open end of the body (12) to the -
first end of the base (14), the closure chara.ctenzed by: y

a strain relief member (18) attached to said second end of the base (14), said strain

15 relief member (18) composed entirely of non-metallic componénts and including a plate
(34) having a plurality of cutouts (36) therein, each sized to receive one of the cables (22,
24), each of said cutouts (36) having a wall and an inner surface along said wall, there
being a plurality of gripping teeth (44) along each said inner surface, and each said wall
having at least one channel therein with entry and exit slots (46, 50) formed in said inner

20  surface for each said channel, said plate (34) further having a plurality of outer surfaces

~ (38) shaped to fit snugly with an inner surface of said second end of said base (14), and
flange means (40) located at each said outer surface (38) for attachment to an edge of the
second end of the base (14), | )
at least one cable tie (48) for securing a cable (22, 24) in one of said cutouts (36) in

25  said strain relief member (18), said cable tie (48) being threaded through one of said

channels, extending out entry and exit slots (46, 50) associated with said one channel;
a mounting fixture (42) attached to said strain relief member (18), for receiving an
optical fiber storage tray (92); and . .
a pre-stretched tube (20) collapsed about said strain relief member (18) and the
30 second end of the base (14). ‘ ' |



